INTRODUCTION
============

Adequate vascular access is of critical importance for patients who require extracorporeal renal replacement therapy. Although an arteriovenous fistula (AVF) is the golden standard access for hemodialysis, temporary dialysis catheters are frequently required. The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI) suggests that catheter access is usually achieved through cannulation of 1 of the 3 easily accessible central veins, namely the femoral, internal jugular, or subclavian veins.^[@R1]^ The internal jugular veins are preferable locations for insertion. However, the femoral vein is often selected as well, depending on the patient\'s condition.^[@R2]^ Several complications are associated with the insertion of these catheters, including infection, bleeding, deep venous thrombosis, and injuries to arteries. Thrombosis and infections are the common complications during catheter insertion as well as in the already inserted catheters.^[@R3]^ An AVF is a rare but severe complication following catheterization for patients who require hemodialysis. We describe a case of an iatrogenic AVF after cannulation of the femoral vein for temporary HD leading to leg swelling 6 months after removal of a hemodialysis catheter.

CASE PRESENTATION
-----------------

A 42-year-old Asian man with a history of diabetic ketoacidosis and acute renal failure (ARF) was first admitted to a satellite hospital 6 months ago. The nephrologist examined the patient and thought he was in need of emergent hemodialysis. Emergency hemodialysis was scheduled. A temporary double-lumen HD catheter was smoothly inserted into the right femoral vein. Ultrasound had not yet been used for catheter insertion. Blood samples were collected through the catheter to confirm its venous origin, and HD was performed through the catheter. The same catheter was subsequently used for 3 sessions of HD. Bleeding from the catheter insertion site was observed 5 days after admission, when he walked to the restroom. At that time, the platelet count was normal and international normalized ratio (INR) was 2.45. No angiography was performed because bleeding was presumably caused by catheter movement. Six days later, the serum creatinine level become normal and urine volume was much more than 1500 ml/day after the comprehensive treatment. The catheter was removed to stop the continuous bleeding; as a result, the patient was able to walk without bleeding and subsequently discharged. The patients received insulin therapy and stayed in good condition in the follow-up.

Six months after the catheter removal, he was admitted to our institution because of right lower limb swelling and calf pain. On physical examination, the temperature was 36.9°C and blood pressure was 140/80 mmHg, the jugular venous pressure was normal, and the pulse was regular at 75 beats/min. Body mass index (BMI, weight/height^2^) was 21.5. Pulmonary abnormalities were not observed and abnormal heart sound was not heard. A bruit was heard on auscultation and a thrill was felt at the inguinal area. Serum levels of creatinine, blood urea nitrogen (BUN), and hemoglobin were 98 μmol/L, 5.6 mmol/L, and 10.8 g/dL, respectively. His serum potassium and sodium were 4.9 and 138 mEq/L, respectively. Serum PO~4~ level was 3.8 mg/dL. Serum calcium level was 9.4 mg/dL. The ECG revealed normal sinus rhythm. Chest radiograph revealed no cardiomegaly along with a cardiothoracic ratio of 48.0%. An AVF was detected by color Doppler ultrasound between the right superficial femoral artery (SFA) and the right femoral vein and subsequently it was confirmed by 3-dimensional reconstruction with CT and angiography (Figures [1](#F1){ref-type="fig"} and 2).

![Three-dimensional CT revealing an arteriovenous fistula between the right superficial femoral artery and the right femoral vein (arrow).](medi-94-e1738-g001){#F1}

![Angiography revealing the arteriovenous communication (between the superficial femoral artery and superficial femoral vein).](medi-94-e1738-g002){#F2}

Then, the patient was transferred to the vascular surgery department. Initial treatment involved dilation of the stenotic lesion immediately beneath the bifurcation of the right common iliac artery using a balloon and stent insertion. During operation, the surgeon found a 3-mm diameter fistula between the right femoral vein and the right SFA. The right femoral vein and SFA were separated carefully. Then, vascular repairing was carried out with running nonabsorbable sutures. Repeat lower extremity angiography showed that fistula was repaired. The patient was discharged 8 days after surgery.

DISCUSSION
==========

An AVF is an abnormal connection or passageway between an artery and a vein. AVF may result from stab injury, severe penetrating wounds, endovascular therapy. AVFs can be spontaneous, which can develop spontaneously or be caused by trauma.^[@R4]^ It is reported that traumatic AVF, a complication of femoral vein catheter insertion for HD, is an exceptional disease. However, when it occurs, it is often caused by damage to an artery while inserting a catheter into a vein. Chronic limb edema, false aneurysms degeneration, and high output cardiac failure due to fistula are common complications.^[@R5],[@R6]^ To prevent this, ultrasound guidance is recommended. Several studies^[@R7]--[@R11]^ have demonstrated that real-time ultrasound guidance is superior to traditional landmark insertion techniques for the insertion of dialysis catheters because real-time ultrasound guidance is of particular value in increasing "first-pass" rates and reducing the risk of hematoma formation and other complications related to catheter insertion. So, ultrasound-guided catheter insertion is recommended by K/DOQI.^[@R1]^ Moreover, the use of a fine-gauge needle to locate the vein before introduction of the guide wire using the Seldinger needle is suggested as well.^[@R12]^

AVF as a complication of dual-lumen HD catheter insertion has been described in the medical literature. Kuramochi et al^[@R12]^ described a case of right superficial femoral AVF with a symptom of arterial bleeding. Chiba et al^[@R13]^ reported a case of an AVF associated with calf pain 2 months after the removal of the catheter. According to the literature,^[@R12]--[@R16]^ the most common initial symptoms were swelling, hemorrhage, limb pain, hematoma, thromboembolism, and cardiac failure. Limb swelling along with calf pain as the initial symptom was rare in any of the cases. But in this case, the patient was initial with a symptom of limb swelling and calf pain. Aggravation of calf pain and swelling started after walking.

Chiba et al^[@R13]^ reported a case of femoral AVF observed 2 months after catheter removal. In the present case, femoral AVF was observed 6 months after catheter removal. It seems that femoral AVF might be observed later than cervical AVF, probably because of inaccessibility to the groin area. Several explanations were possible for the formation of femoral AVF:^[@R13]^

\(1\) The femoral head provides posterior bony support, and it might be difficult to achieve hemostasis for the lack of bony support during compression following catheter removal.

\(2\) AVF once closed by a hematoma might be reopened by movement or anticoagulation with heparin during HD.

\(3\) Presumably, femoral AVF formation is caused by relatively larger caliber of the catheter and occult arterial puncture. In the present case, the anticoagulation with heparin during HD might be a reason for femoral AVF formation.

The risks factors that increase the likelihood of developing AVFs included distal groin punctures, arterial hypertension, antiplatelet therapy, and peri-procedural anti-coagulation^[@R17]^ In this case, the low puncture might increase the likelihood of developing AVFs. Moreover, there was no real-time ultrasound-guided that had been used for catheter insertion. The traditional landmark insertion techniques are commonly performed using anatomic landmarks to guide vessel cannulation. These traditional techniques cannot direct visualization of the target vein during catheter placement and are associated with an increased complication rate.

It may contribute to difficulty in venous cannulation. So, it is recommended that real-time ultrasound is performed to direct guidance of the needle insertion to avoid repeated blind punctures.^[@R18]^

CONCLUSION
==========

Femoral venous catheterization is frequently selected to achieve temporary access to circulation in patients requiring acute hemodialysis. There have been wide reports on complications associated with central venous catheter insertion. However, few reports can be seen about femoral AVF formation. But AVF is a rare complication and occasionally fatal. Thus, it is important for nephrologists and nursing staff to be aware of this potential complication and to perform thorough clinical and medical examinations at the insertion and removal of temporary HD catheters. It is recommended that real-time ultrasound guidance should be used for catheters insertion to avoid inadvertent arterial puncture.

Abbreviations: ARF = Acute renal failure, AVF = Arteriovenous Fistula, CT = Computed Tomography, DKA = Diabetic ketoacidosis, ECG = Electrocardiograph, HD = Hemodialysis, IJV = Internal jugular vein, INR = International Normalized Ratio, SFA = Superficial femoral artery.
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